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ABEASION OF EEACH SAND

SYLLABUS

On sandy beaches the loss of material msseribable
to abrasion and the resultant recession of the shore-
iine, occur at rates so low as to be of no practical
importance in shore protection problems.

PURROSE OF sSTUDY

The loss of beach material aseribable to abrasion ies frequently
referred to in connection with the observed recession of shorelines
on sandy cosets, Beach drifting waterial ls subject to abrasion, or
wear, and consequent loss as 8 result of 1ts movement by weves and
currents. For shore protsction work the importance of the subject
depends upon the rate of loss due to abrasion as compared with the
rate of lose or gain of beach material by the action of other
forces. The purpose of this study is to examine into the rate of
loss by abrasion with a view to ascertaining its importance in

beach erosion processes.

TRANSPORTATION PEENOMENA

The movement of beach materlal by waves and currents results
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in both sorting and abrasion. Each of these phenomena will be dis-
cussed briefly,

a., SOBTING, - It is well kmown that hydraulic transporta-
tion tends to sort material carried in suszpension according to its
settling velocity. This fundamental property which controls the
hydrodynamic behavior of & particle depends upon the size, shape,
and density of the particle, and upon the physical and dynamic
properties of the carrying fluild. During tranaportation, variations
in the welocity and in the scale and intensity of turbulence of the
fluid must be reflected by dynamic responses of the tYransporied
particles in terme of their size, shape and density. If there is
a progressive wvariation in transpartation conditions along a beach
there mist be a related variation in size, shape and density of the
deposite.

For materials ordinarily encountered along the beaches
of the United States variations in size are of common occurrence and
varistions in shape of lesser occurrence, Yariations in density are
largaly off'zet by varlations in size; for instance, msmall graine of
high density material such as magnetite are frequently found mingled
with large gralns of lower density quarte.

In the case of beach ssnds, the sorting may be
claseified as "local," invelving the arrangement of particles at a
particular locality, or "progressive," invelving an assortment of
particles in the direction of transportation.

Local sorting results from the plunge, upruszh and
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backwash of the incldent waves or the effect of winds above the
water line. The sorting process is confined to a limited area.

The most obvious result of local hydraulic sorting is the concen-
tration of relatively coerse material in the vicinity of the plunge
point, bordered by finmer msterial both shoreward and seaward of
that zone. The concentration of magnetite, or other high density
materials, frequently noted on the murface of sgand beaches, is
aettributed to local sorting,

Progresaive sorting ie¢ due to the disturbance of
beach material by the plunge of the wave and the other phencmena
respongible for lecal sorting, combined with alongshore currents,
pither wave or wind induced, whlch move temporarily suspended
sand in the direction of the current. The longer a particle
remaing in suepension after having been disturbed the greater its
movement from ita initial peelition before being redepoaited. A
frequently cited result of progressive sorting is the decrease in
glze of beach drifting materisl ss the distance from ite source
increases.

Thie characteristic of progressive sorting is not,
however, definitely proven by observations in the field. Certain
gtudies made on Cape Cod by Schalk indicate an increase in size
of material as distance from the probable source incremses, A
study of sand movement along the south shore of Long Island made
by the Board indicates at least a partial agreement with the

theoretlcal result; while MacCarthy concludes that mlong a rela~



tively straight comst the average finenegs of the sands increases
regularly in the direction of the current, =nd that the diminution
of size is & linear function of the distance Frnvalud. It may be
stated that well-defined examples of progressive sorting are
difficult to find in nature. The number of variables invelved in
the procesgs and their complex relationship probably account for
many of the variatiocns from theoretically predicted behavicr noted
in field studies, It has been suggested, particularly by geologlsts,
that the relative effectsof sorting and abrasion can probably be
datermined only by separation of the two phenomena in the laboratory.
b. ABRASION. - Abrasion reduces grain s=ize and changes
grain shape by the alteration of individual particles subjected to
wear by rubbing and grinding, and by the fracture of individual
particles through impact or chipping. Particles composed of soluble
or chemically active materials are mlso subject to alteration by
reason of eolution and chemical action., These latter materials are
not commonly found on beaches in the United States end a diescuseion
of the effects of aclution or chemicel action will be omitted from
this paper,

The product of abrasion due te rubbing is an exceed.
ingly fine powder that is probably carried away in suspension when-
ever exposed to the action of transporting forces., Generally no
deposgits of this material are found on the surface of the berms
and foreshores of beaches, or in the gzones of shallow water and

moderate turdulence offshore, but they are frequently found below
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the surfsce of such deposite. This condition would indicate that
the sorting process is relatively inefficient inzofar az subsurface
materiasls in & zone of slight disturbance are concerned.

The particlea which hawe been subjected to abrasion
by rubbing have individuslly lost part of their volume as a result
of the abrasive process, However, it should be noted that the
effect of rubbing action is principally to round sharp corners and
to reduce angular protuberances., The percentage of the total volume
of particle lost in such a transformation ig small. Plate I shows
the characteristic shapes of graing classed from angular to well-
rounded. It will be seen that angular graing are usually many
faceted, and as noted above, the rubbing process involves only the
removal of smell amounts of material to arrive at s somewhat rounded
surface. It is observed that the general shape characteristic of
particles subjected to rubbing is retained, with little change, if
any, in the grain mean diameter,

The products of chipping and fracture consist of
angular particles of reduced size, frequently of a flaky rather
than rounded or cubicsl form, For & rock particle to be chipped or
fractured a relatively severe blow isa required and it is not believed
that particles in the gize range of ordinary beach sand, from 0.2 mm.
to 2 mm., are subject to such action in any consideraltle degres.
However, in the case of pebble beaches which are fairly common along
the coastlines of the United States, the phenomena of reduction in

size by reason of fracture or chipping may be of considerabls impor-
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tance.

Experiments by Marshall have shown thst no chipping
was noted for sand siges or for gravels of less than about 12 mm. in
dismeter., Marshall's tests included & study of material from FNew
Zealand beaches and from river-borne debris, as well as studies made
in a Deval rotating-drum machine. It was likewise found that a
mixture of sand with grevel, cobbles, or lerger fragments resulted in
a very rapid reduction in the percentege of sand present by reason of
grinding action.

It may be expected that appreciable changes in in-
dividual particles may result from chipping or fracturs, on beaches
composed of coarse gravel or shingle. The products of chipplng and
fracture, which ultimately may be in the zand slze range, will be
subject to local and progressive sorting by hydraulic forces. It is
believed that in this case relatively little ﬁaterial may be ground
g0 fine m=z to be subject to transportation in suspension for long
distances and to conseguent wastage as far as the beaches are con-
cerned, It is concluded that for pebble beaches at least, there
may be an appreciable loss of weight of individual particles by
reaszon of abrasive actlon, but that such lese may not represent a
lozs from the beach unless the resulting material is go fine as to
be subject to removal by the transporting process, It is guite
probable that the loss of welght of {ndividusl particles in thise
case may not be translated directly into B correapending loss of

volume from the beach,



BEACH CONDITIONS

In the course of its studies of beach erosion at various
localities, the Board has collected and analyzed samples of beach
material representative of the material found on the shorelines of
the United States, A gtudy of the analyses of thege samples indicates
that material smaller than about 0.07 mm, is rarely found on the
gurface of beaches, although sub-surface samples frequently contain
gmall percentages (up to mabout 0.5%) of such material,

In view of the extent of the semplinz operations it may de
concluded that material smaller than sbout 0.07 mm, probably camnnot
remain on 2 beach when exposed to littoral forces, and iz carried
away in suspension. It seems reamsonable that if the size of the
products of abrasion appreaches about 0,07 mm. or less, then such
products will ultimately be lost from the beach. This loss must be
the only loss ascribable to abrasion, inasmuch as larger material,
though it may be transported on-, off-, or aleongshore, ordinarily
may not be carried in suspeneion to a position from which it cannot

regain the beach.

EXPERIMENTAL STUDIES

Perhaps the earliest experimental work an the effects of
abrasion was by Daubrée, reported in "Etudes Synthétiques de Géologie
Experimentale” in 1879, Daudbrfe concluded in part that!

a. "The rate of wear is more rapid for large than for
small particles,

b. "The rate of wear ia a function of the rigor of the



process,
c. "Wear may be due either to mbrasion or to breakage;
the effects of the two are not the same.
d. "The product of abrasion is almost entirely mud
rather than eand,"

Anderson reports the results of abrasion tests on beach sands
from Nahant, Messachusetis, and Huntington Beach, California; and omn
dune gands from the RBlo Grande and Colorado Rivers., A mechanical
egitator was used that "simulated wave-tossed sand in the clmrning
water of a beach during m storm, or the agitation of the wind-carried
gsand during a dust storm." The resulte show that practically no
material finer than 0.074 mm. diameter was produced during test
periods of as long as 370 hours, A total lose of material of about
1 per cent, including the losees in handling, was observed. The con-

clusionsg reached by Anderson were:

a. "The rounding of sand graine by mechanical wear is
an exceedingly slow procees. The wear has been much less
than was expected.

b. "It does not appear likely that sand grains in =
single Jjourney from the central part of & continent to the
gea would experience sufficient wear to become rounded. In
order to become rounded by either wind or water, sand grains
muist probably make several such Jourmeys through more than
one cycle of erosion, transportatlion and deposition.

¢. "It follows that sand greins approsching spherical
shape may be of considerable age.

d. ".... The gathering grounds for rounded graine are
the beach and dune areas.”

Marghall's tests on the rate of wear of gravel and of sand show



that the loss of welzht in samples of feldepar of LU U mm. average
diameter and 4.7 mm. average diameter in 2 hours mechanical agitation
in a Deval machine was respectively U per cent and sbout 0.3 per cent.
A second test showed the loss of weight of 2,7 mm. average diameter
greing and 0.27 mm. average dismeter zrains, wdsr the same conditions,
to be respectively about 0.2 per cent and 0.01% per cent, With
reference to these latter figures Marshall notes that the loss by
abrasion was somewhat over-estimated by reason of the technigue
employed. Note that the hardness of feldspar is 6, that of gnartz is
T

Thege experiments 1sd to the following conclusions:

a. "The general occurrence of sand on beaches the

world over indlcates clearly thet thies material 18 always

being supplied to the coasts in larze quantity; but the

frequency and permanence of sand beachaz in localities

far distant from any source of gupply indicate as clearly

that sand is belns reduced in grade very slowly by wave

action. "

b, "Abrasion (rubbing) takes place with extreme
glowness when a besch is composed of pebbles finer than
3.% mm, in dlameter.®

¢. "The absence of the finest grade of sand (less
than 0.07 mm.) is ascrided to flotatlon (suspension)."

Deubrée's sarlier finding that mud, rather than sand, is the
main product of abrasion was substantiated by Marshall,

Wentworth studied coal fragments about 40 mm. in diameter from
the wreck of the AMARANTH on Jarvis Island, which had been subjected
to wave sction on the beach for eleven ysars. Hig measurements in-

dicated that the rate of wear of the fragments was about 0.0W per



cent by weight per day, or about 12 per cent per year. He noteg
that In places the coal forme as much as 25 per cent of the beach
gravel and lies chiefly on the upper beach, owing te the legser
specific gravity of the coal than of the calcareous debris. The
agsociated gravel ranges meinly from a diameter of 32 mm. down to
the slze of coarse sand, and consists of coral fragments, pieces of
ghell of the glant clam, (and other shells), Wentworth givee the
glze of the cosl particles as 40 mm, Applying the ratios of rate
of wear determined by Marshall to the result given, we find the rate
of wear of coal particles having an average dlameter of 0.40 mm,
would be about 0.0004 per cent bty welght per day. Fo data were
obtained as to the proportion of this material lost from the beach
by transportation in suspeneion.

Thege figures indicste s rapld leea of coal due to abrasion.
Howevar, the fact thst the coal was mixed witk & muoch harder besch
material may have increased the rate of loss even though the natural
sande present were smaller than the coal frasments, Also, anthracite
with a hardness of only sbout 2 could be sxpected to wear much more
rapidly than ordinary beach material, such as quartz (hardness 7)
and feldspar (hardness 6).

The Beach Erosion Board conducted experiments in a wave tank to
determine the rate of wear and loss of weight of anthracite coal sub-
mitted to wave action, The coal was screened through ﬁ-inuh and i—
inch mesh sleves and the material retained on the 3~inch mesh sieve

selected for test., After thorough washing the coal was placed in
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the wave tank on a slope of 1 to 5. On thie slope a region equal

in length to one wave length of the waves employed was isolated from
the remaining cosl by low barriers placed flush with the surface of
the beach. The purpose of this arrapgement wag to concentrate the
wave action on a few particles, thus intensifying the rate of wear,
The water level was adjusted and maintained at an elevation such that
the plunge point of the waves was located about one-third of a weve
length up the slepe from the lower partition,

The weve generator was adjusted to produce the wave of maximum
energy poesible with the equipment. The wave characteristics were:
height = 0.2 f4., length = £.25 ft., height/length = 0.029, corres-
ponding po storm wavee in naturs, period = 1.61 sec.; and wave
energy availsble per hour = 8,342 ft.-1be. per linear foot of beach.

The test was conducted in a cloged tank so that all of the
products of wave a.::tin;: on the coal were retalned. Samples of the
water wers talkess to be analyzed for suspended material comtent; snd
gamples 6f the coal from five sections of the beach, three in the
1solated sectlon, and two down slope, were taken for analysis of
change in shape,

The test was run for 224 hours. At that time the material in
guspension in the water, representing approximately the amount of
material which had been lost from the beach, wap 0.065 per cent of
the total weight of coal. The rate of lose was about 0.007 per cent
per day for the sige range studled, (about 12.6 mm. to 6.% mm.).

Analyeie of the change in shape of the cosl graine showed no
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méasurable change with the messuring technique employed. Usling
Wadell's method for wessuring and expressing the shapes of gralns,
the ratios of sphericity were: initial = 0.749, final = 0,746, and
the ratios of roundness were: initial = 0,298, final = 0.3k, It
was noted, however, that some chipping of the coal partleles hagd
taken plece, ss svidenced by the occurrence of gmall fragments in
some of the samples used for shape determinations,

Schoklitsch has verified Sternberg’e egquation for loss of
welght due to abrasion in bed load transportation. The tests are
comparable ts those of Marghall and Anderson since mechanical
agitators of similer deslgn were used by each of the investigators.
Al though numerical values derived from mechanical agitation tests
are protably not directly applicable to beach processes, it 1s be-
lieved that the error involved is not great.

Sternberg's equation isi P = Pgye-cB
where P = weight of particle after abrasion

Py = initial welght of particle

g = dlatance traveled by particle

0
(]

specific sbrasion (loss of welght per unit weight per unlt
distance), It is a function of the velocity of trensporta
tian, the characters of the particle matsrials and surround.
ing materials, and the shape of the particles.

e = base of netural logarithms.
Schoklitach's tests give a value of ¢ = 0.015 for quartz, when the

transporting veloeity is 0.8 m/e and the surrounding material is



flint ip grains about 35 mm. in dlameter.

Among Schoklitsch's conclusions is the statement, "Wear by
impect (breaksge) is more rapid than wear by sbrasion; in some
instances more than ten times as grest."

Krumbein confirms the work of Sternberg and Schoklitsch insofar
ags he concludes that the law for decrease in particle size dus to
abrasion is a negative exponential function of the dletance traveled

and the nature of the particle.

CONCLUSIONS

It 15 concluded that the product of abrasion of beach material
is smaller than sbout 0,07 mm, particle diameter; that guch particles
are subject to removal and loss fram the beach by transportation; that
the magnitude of such losa cannot be stated exactly but is probably a
function of the mobility of the beach; and that abrasion of particles
in the sand size range proceeds very slowly.

It is therefore further concluded that the loss of beach materiel
ascribable to abrasion is of very minor importsnce as compared o the

loszes and gailns of material ascribable to littorzl movement.
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